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WHFKQRORJ\ VROXWLRQV IRU UHDOWLPH FRQWURO 57& RI XUEDQ GUDLQDJH QHWZRUNV 7KHVH WHFKQLTXHV SURYLGH PDQ\
DGYDQWDJHVHQDEOLQJWRRSWLPL]HG\QDPLFDOO\WKHVWRUDJHFDSDFLW\RIWKHH[LVWLQJXUEDQGUDLQDJHQHWZRUNWKURXJKWKH
XVHRI³DFWXDWRUV´>@VXFKDVVOXLFHJDWHVRURULILFHVDQGFRQWUROOHUVZKLFKDGMXVWWKH³DFWXDWRUV´>@
7KHXVHRI WKHFRQFHSWRI VHOIRUJDQL]LQJDQGHPHUJHQF\ LQ57&V\VWHPV LVDSURPLVLQJDSSURDFKEXWYHU\
FRPSOH[$VHOIRUJDQL]LQJV\VWHPLVPDGHXSRIVHYHUDOHOHPHQWVWKDWLQWHUDFWDWWKHORFDOOHYHOZKLFKFDQEHHLWKHU
VHOIFRQWDLQHGVRIWZDUHHOHPHQWVVXFKDVDJHQWVRUDXWRQRPRXVHOHPHQWVRIWKHUHDOZRUOGZLWKFRPSXWLQJDQG
QHWZRUNLQJFDSDELOLWLHVVXFKDVVHUYHUVPRELOHGHYLFHVHWF>@>@
%HFDXVHRIWKHLULQKHUHQWIOH[LELOLW\UREXVWQHVVVFDODELOLW\DGDSWDELOLW\DQGDXWRQRP\HPHUJLQJVROXWLRQVRIVHOI
RUJDQL]DWLRQDUHPDLQO\VXLWDEOHIRUFODVVHVRISUREOHPVFKDUDFWHUL]HGE\KLJKFRPSOH[LW\DQGG\QDPLVPDSHUWXUH
ODUJHVFDOH XQSUHGLFWDELOLW\ DV ZHOO DV VXLWDEOH IRU FODVVHV SUREOHPV ZLWK G\QDPLF QRLVH )XUWKHUPRUH ZKHQ
LGHQWLI\LQJWKHREMHFWLYHVRIFRQWUROIRUXUEDQGUDLQDJHV\VWHPVVRPHFULWHULDVXFKDVRYHUIORZYROXPHVIUHTXHQF\
RIIORRGLQJRUSHDNIORZUDWHUHGXFWLRQKDYHEHHQXVHG6RPHWLPHVWKRVHFULWHULDDUHQRWHDVLO\PHDVXUHGRUUHTXLUH
ODUJH LQYHVWPHQWV LQSUDFWLFDODSSOLFDWLRQV+RZHYHUFRVWVDYLQJ LVRQHRI WKHPDLQREMHFWLYHVRI UHDO WLPHFRQWURO
ZKLFKDLPVWRXVHWKHH[LVWLQJLQIUDVWUXFWXUHVIRULPSOHPHQWLQJFRQWURO&RQWUROREMHFWLYHVIRUH[DPSOHIRUWUHDWPHQW
SODQWVPD\EHPDLQWDLQLQJHIIOXHQWVWDQGDUGVZLWKDPLQLPL]DWLRQRIFRVWVE\PDQDJLQJWKHR[\JHQLQWKHDHUDWLRQ
WDQN
)HZVWXGLHVKDYHIRFXVHGRQ57&LQXUEDQGUDLQDJHV\VWHPVIRUFRQWUROOLQJZDWHUTXDQWLW\EXWDOVRZDWHUTXDOLW\
RIWKHUHFHLYLQJZDWHUERGLHV>@>@>@>@±>@&DPSLVDQRHWDO>@SUHVHQWHGWKHUHVXOWVRIWKHDSSOLFDWLRQRI57&
E\XVLQJORFDODQGJOREDOVWUDWHJLHVIRUFRQWUROOLQJPRYHDEOHZHLUV7KRVHDXWKRUVGHPRQVWUDWHGWKDWDJOREDOFRQWURO
VWUDWHJ\DOORZVIRUUHGXFLQJRYHUIORZYROXPHVFRQVLGHUDEO\PRUHWKDQDORFDOFRQWUROVWUDWHJ\0DJGHEXUJHWDO>@
SHUIRUPHGDFRVWEHQHILWDQDO\VLVRIVHYHUDOVWDWLFGLVFRQQHFWLRQVWRUDJHWDQNVDQGDGMXVWPHQWRIWKURWWOHSLSHVDQG
G\QDPLFVROXWLRQV57&WRPLWLJDWH&62LPSDFWEDVHGRQWKHFDVHVWXG\LQ)ODQGHUV%HOJLXP=LPPHUHWDO>@
SURSRVHGDK\GUDXOLFPRGHOIRUUHDOWLPHFRPELQHGVHZHURYHUIORZPRGHOOLQJDQGGHFLVLRQVXSSRUWZKLFKWXUQHGRXW
WREHDSSOLHGWRHYDOXDWHSRWHQWLDORSHUDWLQJVFHQDULRVPRUHTXLFNO\WKDQ6:00&DPSLVDQRHWDO>@SUHVHQWHGD
GHWDLOHGVWXG\RQWKHORFDOUHDOWLPHFRQWURORIPRYHDEOHVKDUSFUHVWHGZHLUVLQVHZHUFKDQQHOV$FRPSDULVRQEHWZHHQ
PRYHDEOHZHLUVDQGVOXLFHJDWHVKLJKOLJKWHG WKDW WKHVWDUWXSSURFHGXUHDQG WKHDFKLHYHPHQWRI WKHVHWSRLQW OHYHO
HQWDLOHG VKRUWHU WLPH IRU ZHLU UHJXODWRUV WKXV DOORZLQJ D TXLFNHU V\VWHP UHVSRQVH WKDQ VOXLFH JDWHV ,QVLJQLILFDQW
GLIIHUHQFHVLQVWHDGDUHHYLGHQWLQWKHSURSRUWLRQDOFRQWUROSKDVHEHWZHHQWKHWZRUHJXODWRUV&UHDFRDQG)UDQFKLQL
>@SUHVHQWHGDQHZORJLFDOJRULWKPIRUUHDOWLPHFRQWURORIUHJXODWLRQYDOYHVLQZDWHUGLVWULEXWLRQQHWZRUNV7KLV
PHWKRGHQWDLOHGLGHQWLI\LQJLQUHDOWLPHWKHDSSURSULDWHFORVXUHVHWWLQJRIUHJXODWLRQYDOYHVLQRUGHUWRUHDFKDQGNHHS
WKHGHVLUHGZDWHUOHYHODWWKHFRQWUROQRGHVE\PDNLQJXVHRIPHDVXUHPHQWVFRQFHUQLQJERWKWKHZDWHUOHYHODWWKH
FRQWUROQRGHVDQGWKHZDWHUGLVFKDUJHLQWKHSLSHVILWWHGZLWKUHJXODWLRQYDOYHV
7KLVVWXG\SURSRVHVD57&RIXUEDQGUDLQDJHV\VWHPHTXLSSHGZLWKDVHULHVRIJDWHVIXQFWLRQLQJDV³DFWXDWRUV´
WKDWGXULQJLQWHQVHHYHQWVVHOIDGMXVWWRRSWLPL]HWKHVWRUDJHFDSDFLW\RIWKHDFWXDOVHZHU7KHJUDGXDORSHQLQJRIWKH
JDWHVLVEDVHGRQWKHVWRUDJHFDSDFLW\RIWKHFRQGXLWGRZQVWUHDP7KHDGYDQWDJHRIWKLVV\VWHPLVWRXWLOL]HWKHIXOO
VWRUDJHFDSDFLW\RIWKHSLSHOLQHE\DFFXPXODWLQJWKHH[FHVVYROXPHVRIUDLQZDWHUWKDWRWKHUZLVHZRXOGEHVSLOOHGRQ
WKHVLGHZDONVDQGVWUHHWSDYLQJLQWKHSLSHVZLWKDORZZDWHUOHYHO7KHDGYDQWDJHLVDOVRIURPWKHHFRQRPLFSRLQWRI
YLHZZK\GRQRWWKH\EXLOGQHZVWRUDJHV\VWHPVUHVHUYRLUVIURPVFUDWFKEXWLWWDNHVDGYDQWDJHRIWKHH[LVWLQJVHZHU
V\VWHP
0HWKRGRORJ\
7KHVWXG\ZDVDSSOLHGRQDQXUEDQZDWHUVKHGVLWXDWHGLQWKHFLW\RI&RVHQ]D,WDO\7KHWKUHHGLPHQVLRQDOVSDWLDO
UHSUHVHQWDWLRQRI WKH VHOHFWHGZDWHUVKHGREWDLQHG WKURXJK WKH'LJLWDO7HUUDLQ0RGHO '70ZDVFRXSOHGZLWK WKH
QHWZRUNRIEXLOGLQJVK\GUDXOLFGUDLQDJHV\VWHPVDQGURDGVLQWKHXUEDQZDWHUVKHGLQ WKH*HRJUDSKLF,QIRUPDWLRQ
6\VWHP*,67KHQWKHXUEDQGUDLQDJHV\VWHPZDVPRGHOOHGE\XVLQJWKH6WRUP:DWHU0DQDJHPHQW0RGHO6:00
DVUHSRUWHGLQ)LJ7KH6:00PRGHODOORZWRSUHGLFWWKHK\GURORJLFDOK\GUDXOLFEHKDYLRURIWKHXUEDQZDWHUVKHG
DQGGUDLQDJHV\VWHP,Q6:00WKH LQILOWUDWLRQSURFHVVZDVPRGHOE\XVLQJ WKH*UHHQ$PSWDSSURDFKZKLOH WKH
ZDYHG\QDPLFVPHWKRGZDVXVHGWRPRGHOWKHIORZURXWLQJLQWKHFRQGXLWV7KHSUHFLSLWDWLRQGDWDZHUHGRZQORDGHG
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IURPWKHZHEVLWHRI$53$&$/ZZZFIGFDODEULDLWRQKRXUO\EDVLVIRUWKH\HDU7KUHHH[WUHPHHYHQWVZHUH
VHOHFWHG IURP WKH \HDU  WR LQYHVWLJDWH WKH UHVSRQVH RI WKH XUEDQ GUDLQDJH V\VWHP $ VXPPDU\ RI WKH PDLQ
K\GURORJLFDOK\GUDXOLF SDUDPHWHUV IRU WKUHH ZHW ZHDWKHU HYHQWV LV UHSRUWHG LQ 7DEOH  7KH VHOHFWHG HYHQWV DUH
FKDUDFWHUL]HGE\DUDLQIDOOYROXPHYDU\LQJIURPPPWRPP7KHDFWXDOXUEDQGUDLQDJHV\VWHPUHSUHVHQWVWKH
VFHQDULRµ¶7KHZDWHUVKHGLVGLYLGHGLQWRVXEFDWFKPHQWVDQGLVGUDLQHGE\DIUHHVXUIDFHV\VWHPFRQVLVWLQJRID
PDLQHJJVKDSHGFRQGXLWRIPDQGDVHULHVRIVHFRQGDU\FLUFXODUSLSHVRIP
7RH[SORUHWKHUHVSRQVHRIWKHV\VWHPLQWKHSUHVHQFHRIVOXLFHJDWHVWKHODWWHUZHUHLQWURGXFHGGRZQVWUHDPHDFK
VHFRQGDU\SLSHEHIRUHWKHFRQQHFWLRQWRWKHPDLQFRQGXLWDVUHSRUWHGLQ)LJ7KHDSSURDFKSUHVHQWHGLQWKLVSDSHU
LVFKDUDFWHUL]HGE\DIXOO\GLVWULEXWHGV\VWHPRIVHOIRUJDQL]LQJJDWHV6HYHUDOFRPSXWLQJQRGHVDUHZLGHVSUHDGZLWKLQ
WKHQHWZRUNRIRXWIORZDQGVXLWDEO\FRQQHFWHGWRVHQVRUVZKLFKPHDVXUHWKHZDWHUOHYHOKHQFHWKHVWRUDJHFDSDFLW\
LQHDFKSLSH7KHVOXLFHJDWHVDUHGHVLJQHGWRVHOIUHJXODWHLQUHDOWLPHLQHPHUJHQF\VLWXDWLRQVDQGWRLQWHOOLJHQWO\
PDQDJHWKHFDSDFLW\RIWKHSLSHVWKHPVHOYHV7KHRSHUDWLQJSULQFLSOHLVGHVLJQHGDVIROORZV,IWKHWKUHVKROGYDOXHRI
VWRUDJHFDSDFLW\LVDFKLHYHGLQWKHGRZQVWUHDPSLSHVWKH³HYHQW´LVUHFRUGHGDWWKHJDWHDVDQ³HPHUJHQF\´VLWXDWLRQ
$WWKLVSRLQWWKHGHFLVLRQSURFHVVDOJRULWKPOHDGVWRVHOIUHJXODWLRQRIWKHJDWHV

)LJ8UEDQZDWHUVKHGDLQWKHFLW\RI&RVHQ]DZLWKWKHGUDLQDJHV\VWHPPRGHOOHGLQLQWZRVFHQDULRVZLWKRXWVOXLFHJDWHVEDQGZLWKVOXLFH
JDWHVF
7KHJDWHZDVPRGHOOHGLQ6:00E\XVLQJDQREMHFWFDOOHGµRXWOHW¶WRZKLFKDVWDJHIORZUDWHUHODWLRQVKLSZDV
DSSOLHG7KHGHFLVLRQSURFHVVDOJRULWKP LV LPSOHPHQWHG LQFRQWURO UXOHVDSSOLHG WRHDFKRXWOHW6XFKFRQWURO UXOHV
DGMXVWWKHRSHQLQJRIWKHJDWHVEDVHGRQWKHVWRUDJHFDSDFLW\RIWKHPDLQFRQGXLWGRZQVWUHDPWKHVHFRQGDU\SLSHV
7KLV FRQILJXUDWLRQ UHSUHVHQWV µVFHQDULR ¶ ,Q WKLV FRQILJXUDWLRQ VL[ VOXLFH JDWHV ZHUH LQWURGXFHG 7KH
K\GURORJLFDOK\GUDXOLFVLPXODWLRQVSHUIRUPHGLQ6:00DOORZWRLGHQWLI\WKHFULWLFDOVHFWLRQVRIWKHV\VWHPZKHUH
WKHSODFHPHQWRIVHOIDGMXVWLQJJDWHVWKURXJKWKHXUEDQGUDLQDJHV\VWHPFDQSURYLGHDEHQHILFLDOHIIHFW7KHFRQWURO
REMHFWLYHV DUH LQ GHFUHDVLQJ RUGHURI SULRULW\ WKHPLQLPL]DWLRQRI RYHUIORZV WKHPD[LPL]DWLRQRI WKHXVHRI WKH
WUHDWPHQWSODQWFDSDFLW\WKHPLQLPL]DWLRQRIDFFXPXODWHGYROXPHVDQGILQDOO\WKHPLQLPL]DWLRQRIYDULDWLRQVRIWKH
VHWSRLQWV

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)LJ7HPSRUDOGLVWULEXWLRQRIVWRUDJHFDSDFLW\GXULQJWKUHHUDLQHYHQWVIRUWZRFRQGXLWVVHOHFWHGLQWKHXUEDQGUDLQDJHV\VWHP
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5HVXOWV
7ZR VFHQDULRV ZHUH DQDO\VHG LQ 6:00 7KH ILUVW VFHQDULR FDOOHG µVFHQDULR ¶ UHSUHVHQWV WKH H[LVWLQJ
FRQILJXUDWLRQRIWKHXUEDQGUDLQDJHV\VWHPLQWKHFLW\RI&RVHQ]DZLWKRXWVOXLFHJDWHV7KHVHFRQGVFHQDULRFDOOHG
µVFHQDULR¶UHSUHVHQWVWKHFRQILJXUDWLRQZLWKVOXLFHJDWHVSODFHGLQWKHVHFRQGDU\FRQGXLWV7RHYDOXDWHWKHHIIHFWRI
WKHSUHVHQFHRIVOXLFHJDWHVRQWKHUHGXFWLRQRIVWRUDJHFDSDFLW\WKUHHHYHQWVRFFXUUHGLQZKLFKSXWLQFULVLVWKH
V\VWHPZHUHDQDO\VHG0DUFKVW-XQHWK2FWREHUWK6SHFLILFDOO\LQµVFHQDULR¶WKHWZRPRVWRYHUZKHOPHGSLSHV
LQ WKH PDLQ FRQGXLW ZHUH LGHQWLILHG DQG XVHG LQ WKLV VWXG\ WR GHPRQVWUDWH WKH EHQHILFLDO LQIOXHQFH RI JDWHV LQ
DOOHYLDWLQJ WKH PRVW FULWLFDO VHFWLRQV RI WKH V\VWHP 7KH WZR SLSHV VHOHFWHG DUH FDOOHG µFRQGXLW ¶ H µFRQGXLW ¶
UHVSHFWLYHO\7KHUHVXOWVREWDLQHGIURP6:00VLPXODWLRQVDUHUHSRUWHGLQ)LJIRUERWKVFHQDULRV7KHWHPSRUDO
GLVWULEXWLRQRIVWRUDJHFDSDFLW\WKURXJKRXWHDFKUDLQIDOOUXQRIIHYHQWIRUWKHWZRVFHQDULRVLVUHSRUWHGLQ)LJ)RU
WKHWKUHHUDLQIDOOUXQRIIHYHQWVWKHVWRUDJHFDSDFLW\LQµVFHQDULR¶YDULHVXSWR
7KLVPHDQVWKDWGXULQJWKHWKUHHHYHQWVLQVRPHWLPHSRLQWVWKHWZRVHOHFWHGFRQGXLWVJHWFRPSOHWHO\IXOO,Q)LJ
WKHGLVWULEXWLRQRIVWRUDJHFDSDFLW\IRUµVFHQDULR¶LVDOVRUHSRUWHG7KHILQGLQJVVKRZWKDWWKHVWRUDJHFDSDFLW\LQ
WKHWZRSLSHVLQWKHPDLQFRQGXLWLVORZHUZKHQVOXLFHJDWHVDUHXVHGWRFRQWUROWKHVWRUPZDWHUYROXPHV7KLVLVGXH
WRWKHIDFWWKDWZKHQWKHZDWHUOHYHOLQVLGHWKHPDLQFRQGXLWLVKLJKHUWKDQDWDUJHWHGYDOXHVHWWRWKHJDWHRQWKH
VHFRQGDU\ SLSH JUDGXDOO\ FORVHV FUHDWLQJ D VWRUDJH XSVWUHDP DQG GLPLQLVKLQJ WKH YROXPH UHOHDVHG LQWR WKH PDLQ
FRQGXLW7KHVOXLFHJDWHVSURYLGHDQHIIHFWRIGHOD\LQJRIWKHSHDNYDOXHRIVWRUDJHFDSDFLW\RIWKHWZRFRQGXLWVDQG
PRUHLQWHUHVWLQJO\DVLJQLILFDQWUHGXFWLRQRIWKHZDWHUOHYHOLQVLGHWKHPRVWRYHUZKHOPHGSLSHV7KHVHULHVRIVOXLFH
JDWHVLQWKHV\VWHPSURGXFHVDWUDQVIRUPDWLRQEHWZHHQWKHVFHQDULRµ¶DQGVFHQDULRµ¶VWRUDJHFDSDFLW\GLVWULEXWLRQV
ZLWK WKH FRQGXLW µ¶ SODFHG GRZQVWUHDP ZLWK UHVSHFW WR FRQGXLW µ¶ JHQHUDWLQJ WKH KLJKHU UHGXFWLRQ LQ VWRUDJH
FDSDFLW\
,Q7DEOHWKHDYHUDJHVWRUDJHFDSDFLW\UHGXFWLRQIRUHDFKHYHQWLVUHSRUWHG7KHUHGXFWLRQYDULHVIURPWR
VKRZLQJORZHUYDOXHIRUWKHHYHQWZLWKKLJKHUUDLQIDOOYROXPH+RZHYHUWKHEHQHILFLDOHIIHFWPD\EHGHSHQGHQWXSRQ
WKHVWRUPFKDUDFWHULVWLFVVXFKDVK\GURJUDSKVLQWHQVLW\DQGGXUDWLRQ
7DEOH7KUHHUHFRUGHGUDLQHYHQWV
5DLQIDOOHYHQW 5DLQIDOOYROXPH
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
$YHUDJH6WRUDJH
&DSDFLW\
5HGXFWLRQ
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
7KLVVXJJHVWVWKDWDVHULHVRIGHYLFHVLQVLGHWKHXUEDQGUDLQDJHV\VWHPVDUHDFWXDOO\DEOHWRFRQWUROWKHIORZUDWHWR
GURSWKHVWRUDJHFDSDFLW\WRDUHDVRQDEOHYDOXH7KHUHVXOWVGHPRQVWUDWHWKDWWKHXVHRIVPDUWJDWHVSURYLGHSRVLWLYH
HIIHFWVRQWKHRYHUDOOK\GUDXOLFSHUIRUPDQFHRIWKHQHWZRUN
&RQFOXVLRQV
7RPDQDJHIORRGLQJLQXUEDQDUHDVDQGWRFRQWUROWKHFDSDFLW\RIWKHGUDLQDJHV\VWHPEHORZWKHVHWYDOXHRI
VHWE\,WDOLDQUHJXODWLRQLQQRYDWLYHWHFKQRORJ\VROXWLRQVIRUUHDOWLPHFRQWURO57&RIXUEDQGUDLQDJHQHWZRUNVFDQ
EH XVHG 7KLV VWXG\ SURSRVHV D 57& RI XUEDQ GUDLQDJH V\VWHP HTXLSSHG ZLWK D VHULHV RI JDWHV IXQFWLRQLQJ DV
³DFWXDWRUV´WKDWGXULQJLQWHQVHHYHQWVVHOIDGMXVWWRRSWLPL]HWKHVWRUDJHFDSDFLW\RIWKHDFWXDOVHZHU7KHJUDGXDO
RSHQLQJRIWKHJDWHVLVEDVHGRQWKHVWRUDJHFDSDFLW\RIWKHFRQGXLWGRZQVWUHDP7KHDGYDQWDJHRIWKLVV\VWHPLVWR
XWLOL]HWKHIXOOVWRUDJHFDSDFLW\RIWKHSLSHOLQHE\DFFXPXODWLQJWKHH[FHVVYROXPHVRIUDLQZDWHUWKDWRWKHUZLVHZRXOG
EHVSLOOHGRQWKHVLGHZDONVDQGVWUHHWSDYLQJLQWKHSLSHVZLWKDORZZDWHUOHYHO7RHYDOXDWHWKHSHUIRUPDQFHRIVOXLFH
JDWHVRQUHGXFLQJWKHVWRUDJHFDSDFLW\RIWKHFRQGXLWVZKLFKDUHSXWLQFULVLVDSDUWRIWKHXUEDQGUDLQDJHV\VWHPLQ
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
WKHFLW\RI&RVHQ]DZDVDQDO\VHG6:00VLPXODWLRQVDUHFDUULHGRXWWRSUHGLFWWKHK\GUDXOLFUHVSRQVHRIWKHV\VWHP
VXEMHFWWRWKUHHUDLQIDOOUXQRIIHYHQWVLQWKH\HDU
7KHUHVXOWVGHPRQVWUDWHGWKDWWKHXUEDQGUDLQDJHV\VWHPZLWKRXWJDWHVWKH*5RIWKHSLSHOLQHLVPRUHWKDQ
IRU DOPRVW WKH HQWLUH GXUDWLRQ RI WKH HYHQW WKH QHWZRUN HTXLSSHG ZLWK JDWHV RSHQLQJ ZLWK WKH JUDGXDO *5 LV
VLJQLILFDQWO\UHGXFHGGXULQJWKHFULWLFDOHYHQWVHOHFWHG7KHUHGXFWLRQYDULHVIURPWRVKRZLQJORZHUYDOXH
IRU WKH HYHQW ZLWK KLJKHU UDLQIDOO YROXPH +RZHYHU WKH EHQHILFLDO HIIHFW PD\ EH GHSHQGHQW XSRQ WKH VWRUP
FKDUDFWHULVWLFVVXFKDVK\GURJUDSKV LQWHQVLW\DQGGXUDWLRQ7KHILQGLQJVVKRZWKDWDVHULHVRIGHYLFHVLQVLGHWKH
XUEDQGUDLQDJHV\VWHPVDUHDFWXDOO\DEOHWRFRQWUROWKHIORZUDWHWRGURSWKHVWRUDJHFDSDFLW\WRDUHDVRQDEOHYDOXH
7KHUHVXOWVGHPRQVWUDWHWKDWWKHXVHRIVPDUWJDWHVSURYLGHSRVLWLYHHIIHFWVRQWKHRYHUDOOK\GUDXOLFSHUIRUPDQFHRI
WKHQHWZRUN)URPWKHHQHUJ\SRLQWRIYLHZWKHXVHRIJDWHVFDQEHFRQWUROOHGWRPLQLPL]HWKHFRVWRIHQHUJ\UHTXLUHG
WRRSHUDWHWKHDGMXVWPHQWSDUWV,QIXWXUHVWXGLHVZHZLOODQDO\VHGLIIHUHQWVFHQDULRVRICFULWLFDODVSHFWVRIWKHQHWZRUN
DOVRWDNLQJLQWRDFFRXQWWKHHIIHFWVRIDOOLQHUWLDRIWKHSDUWLWLRQ
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7KHVWXG\ZDVIXQGHGE\WKHSURMHFW3216LQHUJUHHQ5HV1RYDH6PDUW(QHUJ\0DVWHUIRUWKHJRYHUQPHQW
V
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5HIHUHQFHV
>@33LUR0&DUERQH**DURIDOR--6DQVDORQH0DQDJHPHQWRIFRPELQHGVHZHURYHUIORZVEDVHGRQREVHUYDWLRQVIURPWKHXUEDQL]HG/LJXRUL
FDWFKPHQWRI&RVHQ]D,WDO\:DWHU6FL7HFKQRO±
>@3 3LUR0&DUERQH**DURIDOR - - 6DQVDORQH&62 WUHDWPHQW VWUDWHJ\ EDVHG RQ FRQVWLWXHQW LQGH[ UHODWLRQVKLSV LQ D KLJKO\ XUEDQLVHG
FDWFKPHQW:DWHU6FL7HFKQRO±
>@33LUR0&DUERQH**DURIDOR,QQRYDWLYHPRQLWRULQJRIFRPELQHGVHZHURYHUIORZ&62TXDOLW\LQWKH/LJXRULFDWFKPHQW&RVHQ]D,WDO\
:DWHU4XDO5HV-&DQDGD
>@06FKW]H$&DPSLVDQR+&RODV:6FKLOOLQJ3$9DQUROOHJKHP5HDOWLPHFRQWURORIXUEDQZDVWHZDWHUV\VWHPVZKHUHGRZHVWDQG
WRGD\"-+\GURO±
>@$&DPSLVDQR-&DERW3OH'0XVFKDOOD03OHDX3$9DQUROOHJKHP3RWHQWLDODQGOLPLWDWLRQVRIPRGHUQHTXLSPHQWIRUUHDOWLPHFRQWURO
RIXUEDQZDVWHZDWHUV\VWHPV8UEDQ:DWHU-±
>@)'RWVFK-'HQ]LQJHU+.DVLQJHU%%DXHU'HFHQWUDOL]HG5HDO7LPH&RQWURORI:DWHU'LVWULEXWLRQ1HWZRUNV8VLQJ6HOI2UJDQL]LQJ0XOWL
DJHQW6\VWHPV)RXUWK,(((,QW&RQI6HOI$GDSWLYH6HOI2UJDQL]LQJ6\VW±
>@7&&ROOLHU&7D\ORU6HOIRUJDQL]DWLRQLQVHQVRUQHWZRUNV-3DUDOOHO'LVWULE&RPSXW±
>@)'UHVVOHU$VWXG\RIVHOIRUJDQL]DWLRQPHFKDQLVPVLQDGKRFDQGVHQVRUQHWZRUNV&RPSXW&RPPXQ±
>@3 3LUR 0 &DUERQH $ PRGHOOLQJ DSSURDFK WR DVVHVVLQJ YDULDWLRQV RI WRWDO VXVSHQGHG VROLGV 766 PDVV IOX[HV GXULQJ VWRUP HYHQWV
+\GURORJLFDO3URFHVVHV
>@-6$OEXV7KH1,675HDOWLPH&RQWURO6\VWHP5&6DQDSSURDFKWRLQWHOOLJHQWV\VWHPVUHVHDUFK-([S7KHRU$UWLI,QWHOO
±
>@$&DPSLVDQR(&UHDFR&0RGLFD3 FRQWUROOHU FDOLEUDWLRQ IRU WKH UHDO WLPH FRQWURO RIPRYHDEOHZHLUV LQ VHZHU FKDQQHOV:DWHU6FL
7HFKQRO±
>@(&UHDFR0)UDQFKLQL$QHZDOJRULWKPIRUUHDOWLPHSUHVVXUHFRQWUROLQZDWHUGLVWULEXWLRQQHWZRUNV:DWHU6FL7HFKQRO:DWHU6XSSO\

>@'0DJGHEXUJ57&YHUVXVVWDWLFVROXWLRQVWRPLWLJDWH&62¶VLPSDFWWK,QW&RQIRQ8UEDQ'UDLQDJH±
>@$=LPPHU$6FKPLGW$2VWIHOG%0LQVNHU&RPSXWDWLRQDOO\,PSOLFLW+\GUDXOLFVIRU5HDO7LPH&RPELQHG6HZHU2YHUIORZ0RGHOLQJ
DQG'HFLVLRQ6XSSRUW:RUOG(QYLURQ:DWHU5HVRXU&RQJU±
